Several organs are affected in visceral leishmaniasis, not only those rich in mononuclear phagocytes. Hypergammaglobulinemia occurs during visceral leishmaniasis; anti-Leishmania antibodies are not primarily important for protection but might be involved in the pathogenesis of tissue lesions. The glomerulonephritis occurring in visceral leishmaniasis has been attributed to immune complex deposition but in other organs the mechanism has not been studied. In the current study we demonstrated the presence of IgG in the lung and liver of hamsters with visceral leishmaniasis. Hamsters were injected intraperitoneally with 2 x 10 7 amastigotes of Leishmania (Leishmania) chagasi and the presence of IgG in the liver and lung was evaluated at 7, 15, 30, 45, 80 and 102 days postinfection (PI) by immunohistochemistry. The parasite burden in the spleen and liver increased progressively during infection. We observed a deposit of IgG from day 7 PI that increased progressively until it reached highest intensity around 30 and 45 days PI, declining at later times. The IgG deposits outlined the sinusoids. In the lung a deposit of IgG was observed in the capillary walls that was moderate at day 7 PI, but the intensity increased remarkably at day 30 PI and declined at later times of infection. No significant C3 deposits were observed in the lung or in the liver. We conclude that IgG may participate in the pathogenesis of the inflammatory process of the lung and liver occurring in experimental visceral leishmaniasis and we discuss an alternative mechanism other than immune complex deposition.
Leishmaniasis is a disease caused by a protozoan of the genus Leishmania. Visceral leishmaniasis affects mononuclear phagocytes mainly in the spleen and in the liver where hyperplasia and hypertrophy of these cells occur, but other organs such as lung and kidney are affected during progression of the disease (1) . Interstitial inflammation is observed in the lung, kidney and liver (1) but its pathogenesis has not been fully elucidated. Hypergammaglobulinemia occurs in humans and in hamsters with visceral leishmaniasis due to polyclonal activation of B lymphocytes (2, 3) . Antibodies have no evident protective effect in leishmaniasis (4) but may be involved in the pathogenesis of the lesions in cryosections of the organs using a polyclonal rabbit anti-hamster C3 antibody produced by us (8) . Anti-Leishmania antibody titer was determined by immunofluorescence using Leishmania (L.) amazonensis antigen. The parasite burden in the spleen and liver was calculated by counting the number of cells and parasites in each microscopic field of organ imprints up to 1000 cells or parasites. Parasite burden was calculated by the formula: (number of parasites/number of cells) x weight of the organ (mg) x 2 x 10 4 .
Parasite burden in the spleen and liver and anti-Leishmania antibody titer in infected hamsters increased progressively during infection. Using immunohistochemistry we observed some background staining in control animals but in the liver of infected animals we clearly observed a weak deposit of IgG at day 7 PI that increased progressively until it reached highest intensity around 30 and 45 days PI, declining at later times (Table 1) . IgG deposits outlined the sinusoids ( Figure 1A ). In the lung a deposit of IgG was observed in the capillary walls ( Figure  1B ) which was of moderate intensity at day 7 PI, but increased remarkably at day 30 PI and declined at later times of infection (Table 1) . No significant C3 deposits were observed either in the lung or in the liver. In two preliminary experiments with 3-4 infected visceral leishmaniasis. In the kidney, immune complex deposition has been claimed as the mechanism of lesion (5-7). To study the immunopathogenesis of the lesions in the liver and lung, in the current study we evaluated the presence of IgG in these organs in hamsters with visceral leishmaniasis.
Twenty-eight outbred 45-60-day-old male hamsters (Mesocricetus auratus) from the Animal Breeding Facility of the Medical School of the University of São Paulo were maintained in the Animal Facilities of the Institute of Tropical Medicine of São Paulo during the experiment. Seventeen hamsters were inoculated intraperitoneally with purified 2 x 10 7 amastigotes of Leishmania (Leishmania) chagasi (MHOM/BR/72/strain 46) in RPMI 1640 medium (Gibco BRL, Gaithersburg, MD, USA), and sacrificed at 7, 15, 30, 45, 80 and 102 days postinfection (PI). Eleven control animals were injected with RPMI 1640 medium and sacrificed at the same times. At the time of sacrifice, spleen, liver, kidney and lung were obtained and the presence of IgG in the liver, kidney and lung was evaluated by immunohistochemistry using biotinylated goat anti-hamster IgG antibody (20 µg/ml) (Rockland, Gilbertsville, PA, USA) in formalin-fixed and paraffin-embedded tissue sections. Complement fraction C3 was detected in Table 1 -Intensity of IgG deposits detected by immunoperoxidase staining using biotinylated goat antihamster IgG antibody in the liver, lung and kidney of hamsters infected with 2 x 10 7 amastigotes of Leishmania (L.) chagasi and non-infected control animals at different times of infection. and control animals sacrificed at the same times, we observed similar results by immunofluorescence using polyclonal rabbit antihamster total immunoglobulin serum.
Since the absence of C3 deposits is not compatible with immune complex deposition in the pathogenesis of the disease and since an immune complex-mediated mechanism has been shown in the kidney in visceral leishmaniasis (5-7), as a control we examined kidney tissue from the same animals. In the kidney the deposit of IgG was observed outlining the capillary walls (Figure 1C) . The intensity of the deposit was highest at 30 and at 102 days PI and slightly lower at other time points (Table 1 ). C3 deposits of moderate intensity were detected in the kidney throughout the experiment, with a slight increase in intensity at day 102. Thus, we conclude that the conditions for the presumed formation of an immune complex were present in the experimental animals. Furthermore, one of the factors for immune complex deposition is the incapacity to clear immune complexes due to dysfunction of the reticuloendothelial system (9), which is likely to occur in visceral leishmaniasis due to Leishmania parasite proliferation in mononuclear phagocytes.
The absence of C3 deposits in the liver and lung still contradicts the mechanism of immune complex deposition. However, the presence of IgG deposits in the liver and lung might indicate its role in the pathogenesis. IgG deposits in the lung have been reported in some situations such as the presence of anti-basement membrane antibody in the sep- tum in Goodpasture syndrome (10) and in acute and chronic immune complex-mediated disease models (11) . In the present study, we observed the presence of IgG deposits in the lung mainly in the vessel wall, in agreement with findings for rabbits with chronic serum sickness, in which interstitial pneumonitis develops (12) . In addition, in visceral leishmaniasis the presence of Leishmania antigen has been observed in inflammatory foci in the lung (13) . In immune complex-mediated diseases and in animal models of acute and chronic serum sickness, a known model of immune complex-mediated disease (11) , no liver lesion has been described. Furthermore, in diseases involving an immune mechanism such as viral hepatitis and primary biliary cirrhosis, the antibodies are directed at the hepatocytes and bile ducts, respectively (14, 15) . Therefore, to our knowledge, this is the first observation of IgG along the sinusoids.
To correlate the lesion with the IgG deposits histopathological analysis was performed. In the liver, a progressive increase of diffuse hyperplasia and hypertrophy of Kupffer cells were observed from 7 to 80 days PI, when hyperplasia became less pronounced. Foci of mononuclear cells were observed from 7 days PI, initially in periportal and centrolobular spaces, but later more disseminated with no preference for any particular zone. In the lung, foci of septal thickening due to congestion, edema and mixed infiltrate of polymorphonuclear neutrophils and mononuclear cells were observed at 7 days PI. Inflammation increased progressively and the polymorphonuclear neutrophils were gradually replaced by mononuclear cells in the infiltrate, and at 30 days PI only mononuclear cells were practically seen. In the kidney, hypercellularity and an increase in mesangial matrix were observed at 30-45 days PI followed by a decrease at 45 days, and at 102 days PI a deposit of an amorphous eosinophilic substance was seen. The lesions in different organs were progressive, with noticeable changes in their features during evolution. In the liver, the mononuclear cell inflammatory infiltrate became more prominent than hyperplasia of Kupffer cells at later times and in the lung the cell population in the interstitial infiltrate changed during the course of infection. The changes in the characteristics of the lesion and the occurrence of more intense IgG deposits around 30-45 days PI in the lesion might suggest that participation of IgG in the pathogenesis occurs at a certain time during the evolution of the infection.
Concerning the mechanism of lesion, the presence of IgG deposits in the liver which has not been shown in immune complexmediated diseases and the absence of C3 deposits both in the lung and in the liver led us to consider alternative mechanisms. We have some evidence that pathogenic mechanisms other than immune complex-mediated ones participate in the lesions of visceral leishmaniasis. We recently observed the presence of T cells in the kidney in canine visceral leishmaniasis (16) . In addition, in systemic lupus erythematosus it has been shown that immunoglobulins might participate in the pathogenesis of glomerular lesions by a mechanism distinct from immune complex deposition (17, 18) . We have been working with the hypothesis that internalization of immunoglobulins by endothelial cells might have some role in the pathogenesis of visceral leishmaniasis. We observed in vitro internalization by endothelial cells of serum IgG from visceral leishmaniasis patients (19) and we preliminarily detected by transmission electron microscopy the presence of IgG in endothelial cells in the liver of hamsters with visceral leishmaniasis processed for immunodetection using anti-hamster immunoglobulin antibody and protein A-gold (20) . If this alternative mechanism is present in visceral leishmaniasis, it might play a role in the early phase of infection when IgG deposition is more evident. This mechanism then might trigger processes leading to mi-gration of mononuclear cells including T cells to the lesion, as observed in the nephropathy of canine visceral leishmaniasis (16) . Our findings in the liver and lung are compatible with this hypothesis and studies are in progress for a better understanding of the immunopathogenesis of visceral leishmaniasis.
